The new england journal of medicine n engl j med 348;9 www.nejm.org february 27, 2003 While obtaining a peripheral venous blood sample from a patient with the acquired immunodeficiency syndrome (AIDS), a 35-year-old phlebotomist is injured by a bloody 18-gauge needle attached to a syringe. The patient has been taking didanosine and stavudine for more than six months, but her quantitative plasma human immunodeficiency virus (HIV) RNA titer and CD4 T-lymphocyte count have not been measured for many weeks. What is the appropriate postexposure treatment for the phlebotomist?
There are two main strategies for managing occupational exposure to blood. The first approach is to provide empirical treatment with two or more antiretroviral drugs unless additional information (e.g., the result of an HIV test in the source patient or a detailed description of the exposure) suggests that this treatment is not warranted. The second approach is to conduct a thorough assessment of the exposure (including an HIV test in the source patient if HIV infection has not already been diagnosed) and then initiate antiretroviral treatment only if the exposure poses a risk of HIV transmission. A single antiretroviral drug or two or more antiretroviral drugs in combination may be used. Factors that should be considered in the choice of treatment for an exposed health care worker include the risk of HIV infection associated with the exposure, the expected benefit of antiretroviral treatment, the risks associated with the proposed treatment, and the probability that the infecting strains will be susceptible to the antiretroviral regimen used. 1
risk of hiv transmission
A patient whose blood or other potentially infectious body fluid is involved in an occupational exposure should be evaluated to determine the likelihood of HIV infection, in accordance with relevant state regulations and local policies. The interval between the onset of viremia and the detection of HIV antibody, with the use of current enzyme immunoassays for HIV, is a few days at most. 5 Hence, if the result of a reliable HIV test in the source patient is negative, the risk of transmission is assumed to be zero, unless the patient has risk factors for infection and the clinical findings are compatible with acute HIV infection (e.g., fever, pharyngitis, rash, lymphadenopathy, and malaise).
The use of a rapid HIV test can reduce the time needed to rule out HIV infection to a few hours or less. One test that is currently available, the Single Use Diagnostic System HIV-1 Test (Abbott-Murex Diagnostics), is highly sensitive, and a negative result is reliable evidence that infection is not present. 6 A positive test is presumptive evidence of HIV infection, but confirmatory tests should be performed, since false positive results do occur. When properly performed by experienced laboratory personnel, rapid testing may not only decrease unnecessary antiretroviral treatment and save money but also allay the anxiety of the exposed person. 7 Pooled data from several prospective studies of health care personnel suggest that the average risk of HIV transmission is approximately 0.3 percent (95 percent confidence interval, 0.2 to 0.5) after a percutaneous exposure to HIV-infected blood and approximately 0.09 percent (95 percent confidence interval, 0.006 to 0.5) after a mucous-membrane exposure. 1 The average risk associated with exposure of nonintact skin and exposure to HIV-infected fluids and tissues other than blood or bloody fluids is too low to be estimated in prospective studies. In a retrospective study, the CDC found that the risk of transmission of HIV to health care workers was increased when the device causing the injury was visibly contaminated with blood, when the device had been used for insertion into a vein or artery, when the device caused a deep injury, or when the source patient died within two months after the exposure. 8 These risk factors may be surrogate markers of the viral inoculum (the volume of the exposure and the viral titer), but this hypothesis has not been proved. A low plasma HIV RNA titer may indicate a lower inoculum but does not exclude the possibility of transmission, especially since this measurement does not account for cell-associated HIV. Transmission from source patients with undetectable HIV RNA has, in fact, been documented. 1 Suture needles have not been implicated as a source of infection in prospective studies, but occupational HIV infection has been reported among surgical personnel, and suture needles are one potential source of such infection. Exposure of intact skin to contaminated blood has not been identified as a risk for HIV transmission. The risk associated with bite injuries has not been quantified, but both the biter and the victim should be evaluated for the possibility of infection. The victim is usually at low risk unless the biter's saliva is contaminated with blood, as might happen during an altercation. If the bite results in a puncture wound or bleeding, then the biter may have had mucosal exposure to the victim's blood, which poses a risk of infection that is low but greater than zero if HIV is present. 1 benefits of chemoprophylactic treatment A convergence of indirect evidence suggests that treatment with antiretroviral drugs soon after occupational exposure to HIV decreases the risk of infection. The pathogenesis of the initial infection provides suggestive evidence that there is a window of opportunity in which antiretroviral treatment can prevent infection or abort it before irreversible systemic infection and HIV seroconversion occur.
Early animal models provided conflicting infor-mation about the probability of effective postexposure prophylaxis, but more recent and more appropriate models have consistently demonstrated the benefit of treatment. 9-13 Several factors appear to affect the probability of transmission in animal models of postexposure treatment: the viral inoculum, the interval between viral inoculation and the initiation of treatment, the duration of treatment, and the choice of antiretroviral drugs. 10,11, 13 In the CDC's retrospective case-control study of health care personnel, postexposure treatment with zidovudine was associated with an 81 percent reduction (95 percent confidence interval, 43 to 94) in the risk of HIV infection. 5 However, there are no data from randomized, controlled trials to assess the efficacy and effectiveness of postexposure prophylaxis among health care personnel. Given the low risk of transmission, several thousand persons would have to be enrolled for such a trial to have enough power to show an effect. Data from clinical trials of prophylaxis against perinatal HIV transmission consistently demonstrate that antiretroviral treatment can prevent HIV infection after exposure, even among neonates who are not treated until after birth. 14- 19 The relevance of this clinical situation to occupational exposure is not known.
Although these data are encouraging, it is clear that, whatever benefit is afforded by postexposure treatment, the protection is not absolute. Twentyone cases of HIV infection have been reported in health care personnel in the United States and elsewhere, despite postexposure antiretroviral treatment, which included two or more antiretroviral drugs in some cases. 1,20-25 A variety of factors may have contributed to the treatment failure, including an intrinsic lack of efficacy of prophylactic antiretroviral treatment and resistance to antiretroviral drugs.
risks associated with chemoprophylactic treatment
All antiretroviral agents are associated with adverse events, especially gastrointestinal symptoms. Data from the National Surveillance System for Health Care Workers and the HIV Postexposure Prophylaxis Registry indicate that nearly 50 percent of health care personnel report adverse events while taking antiretroviral drugs prophylactically, and about one third stop taking the drugs as a result. 1, 26 Most of these symptoms are not serious and can be managed. Prophylactic regimens that include three drugs are more likely to result in adverse events and early discontinuation of treatment than are two-drug regimens. 26 A variety of adverse effects have been associated with postexposure prophylaxis (Table 1) . Serious events are rare, but they do occur and can be lifethreatening. Nephrolithiasis, impaired ocular muscle movement, hepatitis, hyperglycemia, and pancytopenia have been reported. 1,26-31 From March 1997 through September 2000, the Food and Drug Administration received reports of 22 persons with one or more serious adverse events related to the use of nevirapine as prophylaxis against HIV infection. 30,31 There were 12 cases of hepatotoxicity (1 of which led to liver transplantation), 14 cases of skin reactions (including 1 documented and 2 possible cases of the Stevens-Johnson syndrome), and 1 case of rhabdomyolysis. On the basis of these reports, nevirapine is not generally recommended for prophylaxis. Because teratogenic effects have been observed in primate studies, efavirenz is not recommended during pregnancy. Reports of fatal lactic acidosis in pregnant women treated with a combination of stavudine and didanosine have prompted warnings about the use of these drugs during pregnancy. Indinavir is not recommended for use at the end of pregnancy because of the risk of hyperbilirubinemia in newborns. 1,32
antiretroviral-drug resistance
Resistance to antiretroviral drugs is a growing problem for all patients, including those whose blood is implicated in an occupational exposure. A study of occupational exposure conducted at seven U.S. sites in 1998 and 1999 showed that 16 of 41 source persons whose HIV viral genome was sequenced (39 percent) had mutations associated with resistance to reverse-transcriptase inhibitors, and 4 (10 percent) had mutations associated with resistance to protease inhibitors. 33 Resistance to antiretroviral drugs is most likely in patients with clinical progression of disease, increasing quantitative plasma HIV RNA titers, a decline in the CD4 T-lymphocyte count, or a combination of these findings. 34 Unfortunately, clinical data alone are not reliable in detecting resistance, and data from genotyping or phenotyping assays are rarely available in time to guide decisions about empirical postexposure treatment. For this reason, two or more antiretroviral drugs are usually used for prophylaxis after occupational exposure. 1
It is unclear why 99.7 percent of occupational injuries involving percutaneous exposure to HIV do not transmit infection, and an assessment of the risk of transmission therefore remains imprecise. Potentially relevant factors, such as the role of the host's immunologic response and characteristics of the viral strain that affect infectivity, have not been identified. 35, 36 Neither the window of opportunity during which postexposure antiretroviral treatment is beneficial nor the optimal duration of treatment for the prevention of infection is known.
The most effective and safest antiretroviral regimen for exposed persons also remains uncertain. A combination of three or more antiretroviral agents is usually advised for the treatment of HIV infection, but there is no clinical evidence that such combinaareas of uncertainty * The information is adapted from the recommendations issued in 2001 by the Public Health Service. 1 † A combined formulation is also available (Combivir); the recommended dose is one tablet twice a day. ‡ Abacavir is available as a combined formulation with zidovudine and lamivudine (Trizivir). tions are more effective in preventing infection after occupational exposure than is treatment with a single drug. In fact, of the five health care workers who are known to have acquired HIV infection despite prophylactic treatment with more than one antiretroviral drug, three received three or more drugs. 33 Finally, the efficacy and safety of prophylactic treatment in pregnant and breast-feeding women are not fully established, and there are few data on the effect of treatment on fertility, spermatogenesis, teratogenesis, and oncogenesis in otherwise healthy people.
Current Public Health Service guidelines (available at http://www.cdc.gov/mmwr/preview/mmwrhtml/ rr5011a1.htm) recommend that a basic four-week regimen of two drugs (zidovudine and lamivudine, lamivudine and stavudine, or stavudine and didanosine) be started as soon as possible after most cases of HIV exposure through percutaneous or mucosal routes (Table 1) . 1 If the source person is determined to be HIV-negative, treatment should be discontinued. Antiretroviral treatment is not indicated for contact between intact skin and blood or other body fluids contaminated by HIV.
The Public Health Service guidelines specify that when the injury involves an increased risk of infection (e.g., an injury caused by a large-bore needle, associated with a deep puncture, or caused by a device visibly contaminated with blood or a device in a patient's artery or vein), the regimen should be expanded to include a third drug (Table 2) . Indinavir or nelfinavir is recommended as a good option when a third drug is indicated. Efavirenz, a nonnucleoside analogue, and abacavir are also considered potentially useful drugs when an expanded regimen is indicated. Routine use of three drugs is not recommended for all exposed persons, because adding a third drug increases the probability that adverse events will occur and that the four-week course of treatment will not be completed. 1, 26 HIV testing of exposed persons is recommendguidelines * The information is adapted from the recommendations issued in 2001 by the Public Health Service. 1 † Injuries caused by solid needles and superficial injuries pose a lower risk of infection, and those involving a large-bore hollow needle, a deep puncture, a device visibly contaminated with blood, or a needle used in a patient's artery or vein pose a higher risk of infection. ‡ A class 1 positive status is defined by asymptomatic HIV infection or a low viral load (e.g., <1500 RNA copies per milliliter); a class 2 positive status is defined by symptomatic HIV infection, the acquired immunodeficiency syndrome, acute seroconversion, or a high viral load. If drug resistance is a concern, an expert should be consulted. Initiation of prophylaxis should not be delayed pending such consultation. Resources should be available to provide immediate evaluation and follow-up care for all exposed persons. § If the source person has risk factors for HIV infection, prophylaxis is optional and should be based on an individualized decision made jointly by the exposed person and the treating clinician. If prophylaxis is administered and the source person is subsequently determined to be HIVnegative, prophylaxis should be discontinued. Laboratory monitoring, including a complete blood count and tests of renal and hepatic function, is recommended at base line and at two weeks. The use of additional tests depends on the specific regimen used (Table 1 ) and the medical condition of the source patient. The guidelines also recommend that persons who have acquired hepatitis C virus infection from the exposure be followed for 12 months, because anecdotal evidence indicates that they may be at risk for delayed HIV seroconversion. 1 All exposed persons, regardless of the postexposure treatment regimen, are advised to return for immediate evaluation if symptoms or signs that might be attributable to acute HIV infection appear.
Postexposure care must also address the risks of infection with hepatitis B virus and hepatitis C virus. The Public Health Service recommendations for management of occupational exposure to blood include strategies that target these viruses. 1
In a case such as that described in the vignette, I would prescribe an antiviral regimen that included at least two drugs. I would choose drugs that were not part of the source patient's current treatment regimen, even though there is no evidence that this strategy reduces the risk of infection. Since the source patient was being treated with a stable regimen of didanosine plus stavudine, treatment of the exposed health care worker with zidovudine plus lamivudine would be reasonable. If the puncture was deep, the needle was visibly bloody before the injury, or the source patient had very advanced HIV infection or a high viral load when last tested, or if other factors suggested an increased risk of HIV transmission, I would discuss with the health care worker the rationale for my recommendation that a third drug, such as a protease inhibitor (e.g., indinavir), be added to the regimen. If I worked in a community where the incidence of primary resistance to zidovudine and lamivudine was known to be high, I would also encourage the use of a third drug. If information from recent tests of resistance to antiretroviral drugs was available or became available during treatment, I might adjust the regimen to include at least two drugs to which the virus was susceptible. To do so, I would rely on the strategies that form the basis for selecting empirical "salvage therapy" in persons with HIV infection, even though there is no evidence that this approach is effective. 34, 38 The U.S. National Clinicians' Post-Exposure Prophylaxconclusions and recommendations
